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(57) ABSTRACT

The invention provides a transreflective color filter and a
method for manufacturing the same, and a liquid crystal dis-
play device. The transreflective color filter comprises a sub-
strate and color resin layers formed on the substrate, wherein
the color resin layers include transmissive portions and
reflective portions, regions of the substrate corresponding to
the transmissive portions have concaves formed therein, and
a part of the transmissive portion fills the concave.
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1
TRANSREFLECTIVE COLOR FILTER AND
METHOD FOR MANUFACTURING THE
SAME AND LIQUID CRYSTAL DISPLAY
DEVICE

TECHNICAL FIELD

Embodiments of the invention relate to a transreflective
color filter and a method for manufacturing the same, and a
liquid crystal display device.

BACKGROUND

Transreflective color filters may be used widely in liquid
crystal display devices, for example liquid crystal color pan-
els in mobile products such as a cellphone, since they can
provide color images with high brightness and high quality in
indoor and outdoor environments. In the indoor environment,
white light of a backlight source is transmitted through the
transreflective color filters to realize bright color images; and
in the outdoor environment, sunlight enters the transreflective
color filters and then is reflected, and thereby relative bright
color images can also be obtained. In order to obtain color
images with high brightness and high quality in both of bright
and dark environments (e.g., outdoor and indoor environ-
ments), considerations should be given to both the reflection
property and transmission property of the transreflective
color filter at the same time, and both of the properties require
the brightness and the color saturation as high as possible. The
brightness and the color saturation contradict with each other:
increasing the thickness of a color film can increase the color
saturation, but the brightness will be reduced because of
increase of absorption; and decreasing the thickness of the
color film can increase the brightness, but the color saturation
will be reduced. Therefore, how to balance the brightness and
the color saturation reasonably becomes an important factor
in improving the property of the transreflective color filter.

SUMMARY

One embodiment of the invention provides a transreflective
color filter, which comprises: a substrate; and color resin
layers formed on the substrate, wherein the color resin layers
include transmissive portions and reflective portions, regions
of the substrate corresponding to the transmissive portions
have concaves formed therein, and a part of the transmissive
portion fills the concave.

Another embodiment of the invention provides a liquid
crystal display device, which includes a transreflective color
filter comprising: a substrate; and color resin layers formed
on the substrate, wherein the color resin layers include trans-
missive portions and reflective portions, regions of the sub-
strate corresponding to the transmissive portions have con-
caves formed therein, and a part of the transmissive portion
fills the concave.

Still another embodiment of the invention provides a
method for manufacturing a transreflective color filter, which
comprises: forming concaves on a substrate; and forming
color resin layers on the substrate, wherein the color resin
layers include transmissive portions and reflective portions,
locations of the transmissive portions correspond to the con-
caves, and a part of the transmissive portion fills the concave.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is alateral cross-section view showing a transreflec-
tive color filter in an embodiment of the invention;
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FIG. 2 is a plan view showing a transreflective color filter in
an embodiment of the invention after a black photoresist and
concaves are formed thereon; and

FIG. 3 is a flowchart showing a method for manufacturing
a transreflective color filter in an embodiment of the inven-
tion.

In the drawings:

1 a glass substrate; 2 a black matrix pattern; 3 a red pixel
resin layer; 4 a green pixel resin layer; 5 a blue pixel resin
layer; 6 a concave; 7 a planarization layer; 8 a transparent
electrode layer; 9 a transmissive portion; 10 a reflective por-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
solutions of the embodiment will be described in a clearly and
fully understandable way in connection with the drawings
related to the embodiments of the invention. It is obvious that
the described embodiments are just a part but not all of the
embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

Embodiments of the invention provide a transreflective
color filter and a method for manufacturing the same, which
can reduce the thickness of the color filter while balancing the
brightness and the color saturation of the transreflective color
filter. In addition, embodiments of the invention provide a
liquid crystal display device, which includes the transreflec-
tive color filter and an array substrate.

The transreflective color filter provided by an embodiment
of the invention will be described hereinafter with reference
to FIGS. 1 and 2.

FIG. 1 is a lateral cross-section view of a transreflective
color filter in an embodiment of the invention, and FIG. 2 is a
plan view of a transreflective color filter in an embodiment of
the invention after a black photoresist and concaves are
formed thereon. With reference to FIGS. 1 and 2, the transre-
flective color filter in the embodiment of the invention
includes for example: a transparent substrate 1; a black matrix
pattern 2 disposed on the transparent substrate 1; a red pixel
resin layer 3, a green pixel resin layer 4, and a blue pixel resin
layer 5 formed through the black matrix pattern 2; a planariza-
tion layer 7 covering the black matrix pattern 2 and the resin
layers 3, 4, and 5; and a transparent electrode layer 8 disposed
on the planarization layer 7.

In embodiments of the invention, for example, the red,
green, and blue color resin layers each include a transmissive
portion 9 and a reflective portion 10. The regions of the
transparent substrate 1 corresponding to the transmissive por-
tions 9 have concaves 6 formed therein, and a part of the
transmissive portion 9 fills the concave 6, so that the thickness
of'the transmissive portion 9 is larger than the thickness of the
reflective portion 10.

In embodiments of the invention, for example, the thick-
ness of the black matrix pattern 2 is a value in a range of 1 pm
to 5 um, the area ratio of the transmissive portion 9 to the
reflective portion 10 is a value in a range of 1:1 to 9:1, the
depth of the concave 6 is a value in a range of 0.5 pm to 3 pm,
and the ratio of the thickness of the reflective portion 10 to the
thickness of the transmissive portion 9 is a value in a range of
1:3t0 1:2.

In some embodiments of the invention, the transparent
substrate 1 is a glass substrate, for example. In other embodi-
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ments of the invention, the transparent substrate 1 may also be
a quartz substrate, a plastic substrate, or the like.

In embodiments of the invention, the transparent electrode
layer 8 may be, for example, Indium Tin Oxide (ITO), Indium
Zinc Oxide (IZO), or other transparent conductive material.

A method for manufacturing a transreflective color filter
provided by an embodiment of the invention will be described
hereinafter with reference to FIG. 3.

FIG. 3 is a flowchart showing a method for manufacturing
a transreflective color filter in an embodiment of the inven-
tion. With reference to FIG. 3, the method for manufacturing
the transreflective color filter in the embodiment of the inven-
tion includes for example following steps:

Step 301, a black matrix pattern is formed on a transparent
substrate to define pixel regions;

In embodiments of the invention, for example, a layer of
photoresist is applied to a transparent substrate (for example,
a glass substrate) by spin coating to form a black matrix layer,
and then portions of the black matrix layer corresponding to
the pixel regions are removed by a patterning process (includ-
ing, for example, exposing, developing, etching, etc.) to
obtain the black matrix pattern. In the embodiment of the
invention, for example, the thickness of the black matrix
pattern is a value in a range of 1 um to 5 pm; however,
embodiments of the invention are not limited thereto.

Step 302, concaves are formed on the transparent substrate,
on which the black matrix pattern is formed, and locations of
the concaves correspond to transmissive portions of color
resin layers in the pixel regions;

In embodiments of the invention, for example, a layer of
photoresist is applied to the transparent substrate, on which
the black matrix pattern is formed, by spin coating, and the
photoresist corresponding to the transmissive portions is
removed by a photolithographic process (including, for
example, exposing, developing, etc.) to form a photoresist
pattern, so that an area ratio of the transmissive portion to a
reflective portion in the pixel regionis a valueinarangeof 1:1
to 9:1. Thereafter. portions of the transparent substrate corre-
sponding to the transmissive portions are removed by an
etching (for example a dry etching or a wet etching) using the
photoresist pattern as a mask, to form the concaves having a
depth of 0.5 um~3 pm; and then the photoresist pattern is
removed to obtain the transparent substrate on which the
black matrix pattern and the concaves are formed (as shown in
FIG. 2).

Step 303, red, green, and blue color resin layers are formed
in the pixel regions, respectively;

In embodiments of the invention, red pixel resin is coated
on the transparent substrate on which the black matrix pattern
and the concaves are formed, and a patterning process (in-
cluding, for example, exposing, developing, etching, pla-
narization, etc) is performed so as to obtain a red pixel resin
layer which fills the concave and is formed through the black
matrix pattern. Green and blue resin layers may be obtained
by repeating the above steps. In the embodiment of the inven-
tion, a ratio of the thickness of the reflective portion to the
thickness of the transmissive portion is a value in a range of
1:3 to 1:2; however, embodiments of the invention are not
limited thereto.

Step 304, a planarization layer is formed on the black
matrix pattern and the color resin layers;

In embodiments of the invention, for example, a planariza-
tion layer is formed on the black matrix pattern and the color
resin layers by processes such as coating, baking, and so on,
and the planarization layer covers the black matrix pattern
and the color resin layers.
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Step 305, a transparent electrode layer is formed on the
planarization layer.

In embodiments of the invention, a transparent electrode
layer is formed by for example a sputtering process, so that
the transreflective color filter (as shown in FIG. 1) is obtained.

It should be noted that the black matrix pattern is formed
firstly on the transparent substrate and then the concaves are
formed in the above embodiments of the invention; however,
embodiments of the invention are not limited thereto. For
example, in other embodiments of the invention, the sequence
of'the above steps 301 and 302 may be reversed according to
particular process conditions. That is, the concaves may be
formed firstly on the transparent substrate, and then the black
matrix pattern is formed.

It should also be noted that the black matrix is disposed in
the transreflective color filter in the above embodiments of the
invention; however, the embodiments of the invention are not
limited thereto. For example, in other embodiments of the
invention, the transreflective color filter may have no black
matrix be disposed therein, but the black matrix is disposed in
the array substrate. In this case, the step 301 (i.e., the step of
forming the black matrix pattern) in the above embodiments
may be omitted; and the concaves may be formed on the
transparent substrate directly, and then the color resin layers
are formed on the transparent substrate on which the concaves
are formed and the transmissive portions of the color resin
layers correspond to the locations of the concaves to fill the
concaves.

It should also be noted that, in the above embodiments of
the invention, the transreflective color filter includes the pla-
narization layer and the transparent electrode layer; however,
embodiments of the invention are not limited thereto. For
example, in other embodiments of the invention, the transre-
flective color filter for a lateral electric field type liquid crystal
panel may include the planarization layer, but not have the
transparent electrode layer, and in this case, the step 305 (i.e.,
the step of forming the transparent electrode layer) in the
above embodiments may be omitted; and the transreflective
color filter for a twisted nematic type liquid crystal panel may
include the transparent electrode layer, but the planarization
layer is optional, and in this case, the step 304 (i.e., the step of
forming the planarization layer) in the above embodiments is
optional and may be omitted according to particular situa-
tions.

In summary, in embodiments of the invention, it is possible
to adjust the different thicknesses of the reflective and trans-
missive portions of the color resin layers by forming the
concaves in the regions of the transparent substrate corre-
sponding to the transmissive portions of the color resin layers,
which makes the thickness of the reflective portions of the
color resin layers smaller than that of the transmissive por-
tions, so as to reduce the path of the reflected light. As a result,
not only the problem is solved effectively that the brightness
and the color saturation of the transreflective color filter are
difficult to be balanced, but also the thickness of the color
filter is reduced since the concaves are formed on the trans-
parent substrate, which benefits its use in light and slim elec-
tronic products.

The forgoing embodiments are merely used to explain the
technical solutions of the invention, but not limitations on
them. Although the invention is described in detail with ref-
erence to the above embodiments, as would be appreciated by
those ordinarily skilled in the art, they can make modifica-
tions to the technical solutions recorded by the above embodi-
ments or make equivalent replacements to a part of technical
features therein; and these modifications or replacements do
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not make the essence of a corresponding technical solution
departing from the spirit and scope of the present disclosure.

The invention claimed is:

1. A transreflective color filter comprising:

a substrate; and

color resin layers formed on the substrate,

wherein the color resin layers include transmissive por-

tions and reflective portions, regions of the substrate
corresponding to the transmissive portions have con-
caves formed therein, and a part of the transmissive
portion fills the concave;

a black matrix pattern formed on the substrate to define

pixel regions,

wherein a top surface of the black matrix pattern and top

surfaces of the transmissive and reflective portions are in
same horizontal plane, and a thickness of the black
matrix pattern is same as a thickness of the reflective
portion and is smaller than a thickness of the transmis-
sive portion, and

wherein the color resin layer is formed through the black

matrix pattern in the pixel region.

2. The transreflective color filter according to claim 1,
further comprising:

a planarization layer formed on the color resin layers; and

a transparent electrode layer formed on the planarization

layer.

3. The transreflective color filter according to claim 1,
further comprising:

a planarization layer formed on the color resin layers and

the black matrix; and

a transparent electrode layer formed on the planarization

layer.

4. The transreflective color filter according to claim 1,
wherein the depth of the concave is in a range from 0.5 um to
3 pm.

5. The transreflective color filter according to claim 1,
wherein a thickness ratio of the reflective portion to the trans-
missive portion is in a range from 1:3 to 1:2.

6. The transreflective color filter according to claim 1,
wherein an area ratio of the reflective portion to the transmis-
sive portion is in a range from 1:9 to 1:1.

7. A liquid crystal display device including a transreflective
color filter, the transreflective color filter comprising:

a substrate; and

color resin layers formed on the substrate,

wherein the color resin layers include transmissive por-

tions and reflective portions, regions of the substrate
corresponding to the transmissive portions have con-
caves formed therein, and a part of the transmissive
portion fills the concave;

wherein the transreflective color filter further comprises:

a black matrix pattern formed on the substrate to define

pixel regions,

wherein a top surface of the black matrix pattern and top

surfaces of the transmissive and reflective portions are in
same horizontal plane, and a thickness of the black
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matrix pattern is same as a thickness of the reflective
portion and is smaller than a thickness of the tranemis-
sive portion, and

wherein the color resin layer is formed through the black

matrix pattern in the pixel region.

8. The liquid crystal display device according to claim 7,
wherein the transreflective color filter further comprises:

a planarization layer formed on the color resin layers; and

a transparent electrode layer formed on the planarization

layer.

9. The liquid crystal display device of claim 7, wherein the
transreflective color filter further comprises:

a planarization layer formed on the color resin layers and

the black matrix; and

a transparent electrode layer formed on the planarization

layer.

10. A method for manufacturing a transreflective color
filter, which comprises:

forming concaves on a substrate; and

forming color resin layers on the substrate, wherein the

color resin layers includes transmissive portions and
reflective portions, locations of the transmissive por-
tions corresponds to the concaves, and a part of the
transmissive portion fills the concaves,

forming a black matrix pattern on the substrate to define

pixel regions,

wherein a top surface of the black matrix pattern and top

surfaces of the transmissive and reflective portions are in
same horizontal plane, and a thickness of the black
matrix pattern is same as a thickness of the reflective
portion and is smaller than a thickness of the transmis-
sive, and

wherein the color resin layer is formed through the black

matrix pattern in the pixel region.

11. The method for manufacturing the transreflective color
filter according to claim 10, further comprising:

forming a planarization layer on the color resin layers; and

forming a transparent electrode layer on the planarization

layer.

12. The method for manufacturing the transreflective color
filter according to claim 10, further comprising:

forming a planarization layer on the color resin layers and

the black matrix pattern; and

forming a transparent electrode layer on the planarization

layer.

13. The method for manufacturing the transrefiective color
filter according to claim 10, wherein a depth of the concave is
in a range from 0.5 pm to 3 pum.

14. The method for manufacturing the transreflective color
filter according to claim 10, wherein a thickness ratio of the
reflective portion to the transmissive portion is in a range from
1:3t0 1:2.

15. The method for manufacturing the transreflective color
filter according to claim 10, wherein an area ratio of the
reflective portion to the transmissive portion is in a range from
1:9to 1:1.



